Bone turnover markers (BTMs) have important role in the management of osteoporosis. Recently the clinical application of BTMs has achieved significant progress and measurement of BTMs give us better understanding of pathogenesis of osteoporosis. However, the use of BTMs is still insufficient in Korea. We summarized the available methods and standard interval of the BTMs in Korea. Also we reviewed published literatures on preanalytical variability in the measurement of BTMs and provided recommendations for standardized sample handling and patient preparation for reducing those pre-analytical variabilities. The clinical application of BTMs in patients with chronic kidney disease who have a higher fracture risk than the general population is summarized.
INTRODUCTION
Osteoporosis is a major health problem worldwide. Osteoporosis is defined as a disease characterized by low bone mass and microarchitectural deterioration of bone tissue, leading to enhanced bone fragility and consequent increase in the risk of fracture. [1] The bone strength is determined by bone mass and bone quality. Bone mass is expressed mainly in bone mineral density (BMD), and bone quality is composed of microarchitecture, bone turnover rate, mineralization, and microdamage accumulation. [2] The BMD measurement using dual energy X-ray absorptiometry (DXA) is the most commonly used diagnostic criteria for osteoporosis. [3] Although BMD is used for treatment strategy determination and evaluation of bone loss rate or treatment response, it might not completely capture the os-https://doi.org/10.11005/jbm.2019.26. 1.19 teoporotic fracture risk. Also, changes in BMD are reflected at a slow rate.
In bone, bone turnover, which removes old bones by bone resorption, and forms new bones by bone formation, is continuously occurring. [4, 5] The change of bone turnover rate could affect the bone quality. Bone turnover markers (BTMs) are an index reflecting the rate of bone turnover and samples to measure BTMs can be taken from urine and blood easily. [6] Considering the limitations of BMD and the characteristic of BTMs reflecting bone quality, interest in the clinical potential of BTM to predict fracture risk and monitor treatment is steadily increasing.
BTMs are classified as either bone formation markers or bone resorption makers. The BTMs have not yet to be proven to make diagnosis and treatment decision for osteoporosis. But, the clinical usefulness of BTMs to predict bone loss and fracture risk, and to monitor the response of osteoporosis treatment have been shown in several studies. [7] [8] [9] Also, the measurement of BTMs give us better understanding of pathogenesis of osteoporosis. However, the value of the BTMs might be influenced by physiological and pathological factors, and, in some cases, multiple methodologies used for the same analyte. Theses strength and weakness of BTMs in clinical practice have been considered by several national societies and guidelines development groups and have resulted in differing recommendation. [10, 11] The use of BTMs is still insufficient in Korea. The Korean Society of Bone Mineral Society organized the bone turnover working group to investigate on the application of BTMs and provide recommendations on their clinical use to physicians in Korea.
The aim of this paper is to investigate the available methods and standard reference intervals of BTMs in Korea, and review the standardization of sampling to decrease the preanalytical issue. The patients with chronic kidney disease (CKD) have a higher fracture risk than the general population. Bone disease related to advanced CKD features a large spectrum of clinical phenotype. The clinical application of BTMs in those population summarized separately.
THE AVAILABLE ASSAY METHODS FOR MEASUREMENT OF BTMS IN KOREA

Bone formation markers
Bone formation markers include osteocalcin, bone-specific alkaline phosphatase (BSALP), carboxy-terminal propeptide of type I collagen (P1CP), and aminoterminal propeptide of type I collagen (P1NP). BSALP and osteocalcin released by osteoblasts and plays a major role in bone mineralization. P1CP and P1NP cleaved from procollagen type I during collagen synthesis. In Korea, osteocalcin and BSALP are most commonly used as bone formation markers. Several kits have been used to measure osteocalcin and BSALP depending on the assay methods. were used. Also, it can be measure by electrophoresis assay (Spife ALP-20; Helena Laboratories, Beaumont, TX, USA). Although P1NP has not been widely used yet, P1NP can be measured by the ECLIA using Elecsys total P1NP (Roche). In Korea, total P1NP (Roche Elecsys) is covered by insurance in osteoporotic patients since 2018. Reference interval and median value of P1NP in Korean population was published. [12] 
Bone resorption markers
Bone resorption markers are serum C-terminal telopeptides of type I collagen (CTX), urinary N-terminal telopeptide of collagen type I (NTx), free and total pyridinoline (PYD) and free and total deoxypyridinoline (DPD). These are collagen cross-links.
In Korea, CTX, NTx, and DPD can be measured as bone resorption markers. In Korea, CTX is most commonly used as bone resorption markers. Several kits have been used to measure bone resorption markers depending on the assay methods. Currently for CTX, 1 automated immunoassay is available: Beta-CrossLaps Roche Elecsys (ECLIA [Roche Diagnostics]). For NTx, enzyme-linked immunosorbent assay (ELISA) is used for urine and serum: OSTEOMARK (Alere Inc., Scarborough, ME, USA). CLIA (Ortho-Clinical Diagnostics, Inc., High Wycombe, UK) is also available. For DPD, EIA (Qulidelmetra, San Diego, CA, USA) and CLIA are available.
INTERPRETATION ON THE REFERENCE INTERVALS OF BTMS
The reference intervals of BTMs are useful for interpreting the results in osteoporosis patients. Several prospective studies have reported the presence of increased BTMs have an additive effect on fracture risk in women. [7] The very high BTM values (>3 standard deviation above the mean of the reference values) during the initial assessment suggests other metabolic disease. However, sufficient consensus has not been achieved for cut-point of BTMs that increase fracture risk or assess response of treatment. It is considered necessary to establish reference intervals for different geographic area and ethnicities. Although reference intervals of P1NP in Korean population were reported, [12] only reference of manufacture's data is available for other BTMs (Table 1) .
STANDARDIZATION OF PATIENT SAMPLE COLLECTION PROCEDURE
Importance of standardized patient sample collection procedure
The primary challenge to the adoption of many BTMs in routine practice has been poor within-subject and betweenlab reproducibility. For BTMs to be useful, the pre-analytical sources of variability, along with the underlying disease process, must be identified, minimized, and controlled through carefully standardized patient preparation and sample handling procedures. [13, 14] Although BTMs except CTX are relatively stable and very modestly affected by pre-analytical variables, several BTMs are frequently measured together on automated platforms within one sample. [15] Therefore, it is important that the conditions that ensure CTX integrity may be maintained when measuring BTMs. Moreover, serum P1NP has recently been recommended as a reference BTM along with serum CTX. [16] Therefore, proper sample collection procedures for both CTX and P1NP are focused in this section.
Sources of pre-analytical variability sample handling 1) Sample type
Although either serum or plasma sample may be used for CTX and PINP measurements, EDTA plasma has the advantage of superior sample stability for CTX compared with serum. [17] [18] [19] The same sample type such as serum or plasma should be used consistently when monitoring a patient.
2) Sample collection
CTX exhibits a circadian rhythm in blood. CTX level peaks during the early morning hours (2-5 a.m.) and reaches a nadir between 11 a.m. and 2 p.m. The only known modulator having a major effect on this circadian pattern is food intake. Overnight fasting markedly reduced the circadian variation of CTX. Therefore, blood samples for CTX measurement must be collected following an overnight fast during the morning between 7:30 a.m. and 10:00 a.m. [20] [21] [22] Other BTMs have minimal circadian rhythm and are minimally affected by food intake.
3) Sample processing
Samples destined for CTX measurement should be frozen at ≤-20°C preferably within 2 hr of collection. [23] If measurement is to be made within 8 hr of phlebotomy, the sample may be stored at 4°C. Moderate hemolysis (0.5 g/dL) should be avoided for CTX measurement. [19, 24] 
4) Sample stability
CTX is more stable in EDTA plasma than in serum, regardless of measurement methods. [23] For Roche package inserts, CTX has stability of 24 hr at room temperature (RT; 20-25°C), 8 days at 2 to 8°C in EDTA plasma, and 6 hr at RT and 8 hr at 4°C in serum. [25] P1NP is more stable compared to CTX with stability of at least 24 hr at RT and 5 days at 4°C in both EDTA plasma and serum. [26] For long term storage, stability for 3 months for CTX and 6 months for P1NP at ≤-20°C is ensured for all methods. For longer term researches, the recommendation is aliquots of samples at -70°C or below to allow to analysis of all samples in a single batch at a later time. [19, 25, 26] 
5) Freeze/thaw cycle
Multiple freeze-thaw cycles are reported to be acceptable for CTX and P1NP. [19, 24] 
Sources of pre-analytical variability: patient related factors
The patient related factors are divided into controllable and uncontrollable factors. Controllable factors include the menstrual cycle, seasonal variation, and physical activities. The optimal time to collect samples in pre-menopausal women is the early-mid-follicular phase. [27] There is a minor but detectable seasonal variation for CTX in older adults and those with severe vitamin D deficit. [28, 29] Intensive physical training (e.g., elite soccer players) moderately increases serum CTX and slightly decreases PINP. Vigorous exercise should be avoided the day prior to sampling. [30] Uncontrollable factors include age, sex, pregnancy, geography, renal function, and specific diseases and medications. [14] 
USE IN PATIENTS WITH CKD
The patients with CKD have a higher fracture risk than the general population. In patients with CKD, secondary hyperparathyroidism, adynamic bone, hemodialysis associated amyloidosis, vitamin D deficiency, hypocalcemia, changes in the bone architecture, nutritional disturbance, and increase in oxidative stress could increase fracture risk. [31] Because some BTMs are influenced by the renal function, there are limitations to use BTMs to predict and evaluate the fracture risk in patients with CKD. The frequency of monitoring serum calcium, phosphate, and parathyroid hormone (PTH) as well as BTMs are recommended to evaluate the presence and magnitude of abnormalities, and the rate of progression of CKD. [32] As bone formation markers, BSALP, P1NP, and P1CP are independent of the renal function status. But, osteocalcin is influenced by the renal function. [33, 34] Combining a low PTH (<150 pg/mL) and a low BSALP (<27 IU/L) improved the specificity of diagnosing adynamic bone disease in 103 dialysis patients with bone biopsy results. [35] In the newer automated Ostase bone specific alkaline phosphatase (ALP) assay, cut-off <20 IU/L is used. The Kidney Disease, Improving Global Outcomes (KDIGO) guidelines suggest that measurements of serum PTH or BSALP can be used to evaluate bone disease because markedly high or low values predict underlying bone turnover in patients with CKD G3a (estimated glomerular filtration rate, 45-59 mL/min/1.73m
2 )-G5D (end-stage renal disease patients who undergo chronic dialysis). [32] Since osteocalcin is cleared by kidney, its use in CKD patients is limited. The combination of osteocalcin (<41 ng/L) and BSALP (<23 U/L) improved the positive predictive value for diagnosing adynamic bone disease in a CKD-5 cohort to 77%. [33] The proportion of the monomeric form of P1NP is elevated in patients with CKD, whereas the apparent concentration of P1NP is unaffected by glomerular filtration rate in kidney disease patients when an intact assay for P1NP is used. [34] P1NP monomers are not cleared by conventional dialysis sessions and the least significant change is of 32% for the intact assay. [36] As bone resorption markers, CTX is excreted by kidney and accumulates in CKD patients. CTX is cleared by dialysis and therefore predialysis sampling is required for longitudinal monitoring. [33] PYD, DPD and NTx are influenced by the renal function status. Therefore, the KDIGO guidelines recommended that the bone derived markers of collagen synthesis and breakdown should not be routinely measured in patients with CKD stages 3 to 5D. [32] Levels of tartrateresistant acid phosphatase 5b correlates with PTH and ALP and are unaffected by renal function. Its use is limited by availability of automated assays. [33] The limitations of our study is that few Korean data is available. However, all available methods in Korea were surveyed. This data will support upcoming study for standardization and reference intervals of BTMs can be used for decision and monitoring of treatment. 
CONCLUSIONS
